We present a survey of variable stars detected in K2 Campaign 13 within the massive intermediate age (∼ 1 Gyr) open cluster NGC 1817. We identify a complete sample of 44 red clump stars in the cluster, and have measured asteroseismic quantities (ν max and/or ∆ν) for 29 of them. Five stars showed suppressed dipole modes, and the occurrence rates indicate that mode suppression is unaffected by evolution through core helium burning. A subset of the giants in NGC 1817 (and in the similarly aged cluster NGC 6811) have ν max and ∆ν values at or near the maximum observed for core helium burning stars, indicating they have core masses near the minimum for fully non-degenerate helium ignition. Further asteroseismic study of these stars can constrain the minimum helium core mass in red clump stars and the physics that determines this limit.
INTRODUCTION
Galactic star clusters continue to be studied for insights into the evolution of stars, and selecting a cluster for study based on its age allows us to target stars of specific mass when they are in an interesting stage of their evolution. One major reason for such targeting is that we can have the opportunity to examine the consequences of particular physics processes to gain a better theoretical understanding for modeling purposes. However, it is often the case that the observable characteristics of stars are most sensitive to the physics when the * NASA Sagan Fellow stars are evolving most rapidly, at the end of the main sequence and beyond. A consequence of this is that stars in a state of rapid evolution and short duration will necessarily be rare, and to maximize the likelihood of catching stars in such short stages we must study large (and if possible, uniform) samples of stars.
For these reasons, we present results from Kepler K2 Campaign 13 observations of the massive open cluster NGC 1817. NGC 1817 is about a billion years old, meaning that stars of near 2M are leaving the main sequence and reaching the red giant clump. These stars turn out to be special in at least a couple of respects. First, these stars inhabit the main sequence portion of the pulsational instability strip, where δ Sct and γ Dor variables are found. Because these stars typically excite many modes of oscillation, they promise to reveal information about the stellar interior by encoding it in the pulsa-tion spectrum. Secondly, 2M is a transitional mass for stars, where they transition from non-degenerate ignition of core He in intermediate-mass stars to degenerate ignition in a He flash event for low-mass stars. The character of this transition is dependent on physics of the stellar core during H burning, including the details of core convection.
The cluster NGC 6811 in the main Kepler field has a nearly identical age (Sandquist et al. 2016) , and there are other nearby clusters of similar age that could also be studied to access stars near 2M . We will discuss these other clusters as part of this paper, but the major advantage of observing NGC 1817 is its large total mass. A simple comparison of NGC 6811 with NGC 1817 reveals that NGC 1817 has approximately five times as many stars in equivalent evolutionary phases. This stellar sample provides the chance to examine the details of the post-main sequence evolution with finer resolution.
The main drawback to the present study of NGC 1817 was that the cluster was observed for only one K2 campaign of about 75 days, while the main Kepler field (and NGC 6811) was observed for about 4 years. This limits the frequency resolution of our power spectra of variable stars below, and prevents the detection of other variables (like long-period eclipsing binaries or low-amplitude pulsators). In addition, NGC 1817 has a higher reddening and a distance modulus that is about a magnitude larger than that of NGC 6811. However, as we show below, there was plenty to discover.
Before proceeding, we summarize some of the known characteristics of the cluster. The reddening has been measured only a few times with relatively large uncertainties, and better determinations would be helpful. Harris & Harris (1977) measured the reddening of NGC 1817 using U BV two-color diagrams, and found E(B − V ) = 0.28 ± 0.03 for main sequence stars, and 0.23 ± 0.03 for red giant stars. presented Strömgren photometry of the cluster, and estimated the reddening to be E(b−y) = 0.19±0.05 [E(B − V ) = 0.27 ± 0.07] from main-sequence stars.
For chemical composition, Overbeek et al. (2016) found a mean [Fe/H]= −0.05 ± 0.02, but this is probably systematically high based on comparisons to other literature values. Jacobson et al. (2009) found a mean [Fe/H]= −0.07 ± 0.04 from two giants, Jacobson et al. (2011) found [Fe/H]= −0.16 ± 0.03 from 28 stars, while Reddy et al. (2012) found a mean [Fe/H]= −0.11 ± 0.05 from 3 giants. Netopil et al. (2016) undertook a study to homogenize previous literature abundance measurements, and found −0.11 ± 0.03 from 4 stars with highquality spectroscopic determinations and −0.16 ± 0.03 from 28 stars with lower quality spectroscopic deter-minations. Casamiquela et al. (2017) found [Fe/H] = −0.08 ± 0.02 and −0.11 ± 0.03 from equivalent width and synthetic spectrum analysis of 5 giant stars. Carrera et al. (2019) find [Fe/H] = −0.09 ± 0.01 for one giant star from the APOGEE project.
2. OBSERVATIONAL MATERIAL AND DATA REDUCTION 2.1. K2 Photometry NGC 1817 was observed during Campaign 13 of the K2 mission through guest observer program GO 13053 (PI: Sandquist) , although there were overlaps with several exoplanet search programs. 924 of the brightest cluster stars were identified from ground-based proper motion membership information ) and from color-magnitude diagram position ). Most targets were observed with long cadence (29.43 minute integration), with a handful of previously known variables observed with short cadence (0.98 minute integration).
Because of the incomplete gyroscopic stabilization during the K2 mission, systematic effects on the light curve are substantial. The primary source of the light curves we used in this investigation is the K2SFF pipeline (Vanderburg & Johnson 2014; ) that involves stationary aperture photometry along with correction for correlations between the telescope pointing and the measured flux. The K2SFF light curves typically still had modest long-term trends, and for most of our scientific purposes these trends were removed by fitting the points with a low-order polynomial and subtracting the fit. When an eclipsing binary was involved, only points outside of eclipse were fitted. For giant stars with variations on the longest timescales, we divided by the output of a sliding median filter covering 71 observations for most stars. For 9 stars, the filter used a larger number of points (101, 121, or 161) , with a single AGB star requiring a much larger number (1001) in order to avoid erasing the photometric variations.
For the asteroseismic analysis of red clump stars below, we used EVEREST light curves (Luger et al. 2016) . EVEREST uses pixel level decorrelation to eliminate instrumental signals (ones that do not recur) in pixels within the stellar aperture. We found that EVER-EST curves allowed us to reduce instrumental noise to a greater degree than the K2SFF curves.
Spectral Energy Distributions
For a small number of objects below, we compiled spectral energy distributions (SEDs) from photometry in the literature and used calibrations to put them on an absolute flux scale. In producing the SEDs, we col-lected photometry from the following sources: ultraviolet photometry from the Galaxy Evolution Explorer (GALEX; Martin et al. 2005) , Strömgren photometry from , BV I C data from Donati et al. (2014) , PSF magnitudes from Data Release 14 of the Sloan Digital Sky Survey (SDSS; York et al. 2000) , mean PSF magnitudes from the Pan-STARRS1 survey (Kaiser et al. 2010) , the APASS survey (Henden et al. 2015) , Data Release 2 (DR2) of the Gaia archive (Gaia Collaboration et al. 2018a) , Two-Micron All-Sky Survey (2MASS; Skrutskie et al. 2006 ) photometry from the All-Sky Point Source Catalog, and from the Wide Field Infrared Explorer (WISE; Wright et al. 2010 ) survey. presented proper motion membership determinations for stars with V < 15, and Krone-Martins et al. (2010) also studied the cluster's proper motion membership as part of a larger survey of clusters. However, DR2 from the Gaia spacecraft currently provides the most precise proper motions and parallaxes to gauge cluster membership. This is a particularly important point for the NGC 1817 cluster because the proper motions of its stars fall near the center of the field star distribution, and proper motions alone are an imperfect measure of membership. have produced membership probabilities for NGC 1817 and other clusters using Gaia DR2, and we have used their values for NGC 1817's proper motion vector and average parallax. For the purposes of this paper, we employed relatively simple criteria for membership: a star is a likely member if its proper motion vector is within 0.35 mas yr −1 of µ α cos δ = 0.485 mas yr −1 and µ δ = −0.890 mas yr −1 , and a parallax within 0.2 mas of ofω = 0.551 mas. The proper motion and parallax ranges were selected to extend well beyond the extremes of the distributions for star most obviously associated with the cluster.
ANALYSIS

Cluster Membership
Balaguer
For some of the stars (particularly giants), radial velocities provide a strong additional constraint on cluster membership. Mermilliod et al. (2003) , Jacobson et al. (2011), and Soubiran et al. (2018) measured radial velocities for nearly all of the cluster giants. Surveys agree on a cluster mean velocity near 66 km s −1 , with the largest survey of stars (Soubiran et al. 2018) finding an average radial velocity of 66.02 km s −1 with a dispersion of 1.22 km s −1 from 40 stars. We have eliminated stars with well-measured average velocities more than 5 km s −1 from this mean value.
Cluster Giants and Asteroseismic Analysis
Star clusters with ages near 1 Gyr (like NGC 1817) produce red clump stars through the non-degenerate ignition of helium in the cores of the stars. These stars form the so-called "secondary red clump" (RC2), as opposed to the primary red clump (RC1) that is composed of stars that undergo a helium flash when they ignite core helium in degenerate cores of red giants. RC2 stars are often fainter than RC1 stars, due to a lower heliumburning luminosity that results from a lower-mass He core at ignition (Girardi 2016) , and minimums in luminosity and radius are expected at the transition between non-degenerate and degenerate ignition. Observationally, open clusters of around 1.5 Gyr old show a combination of RC1 and RC2 stars, and the transitional mass is thought to be around 2.0−2.3M (Girardi et al. 2000) . RC2 stars are the progeny of less common, more massive stars than the giants in older clusters, and large uniform samples of those stars for study can be hard to come by.
Because NGC 1817 is a much more massive cluster than NGC 6811 (a cluster of similar age in the original Kepler field), it offers the possibility of examining a much larger, uniform sample of clump stars with masses greater than 2M . A total of 8 clump stars were identified as members of NGC 6811 (Sandquist et al. 2016) , with little chance of any additional discoveries. All 8 of these stars were observed during the main Kepler mission and their asteroseismic oscillation patterns were discussed by Arentoft et al. (2017) . In NGC 1817, we identified 44 likely giant members with 9 of these not observed during the K2 campaign. The sample in NGC 1817 is presented in Table 1 . Candidate members were identified using Gaia parallaxes and proper motions. Gaia radial velocities were also used for membership identification, but were not available for every star. In other cases (mainly spectroscopic binaries), measurements from Mermilliod et al. (2003 Mermilliod et al. ( , 2007 and Jacobson et al. (2011) were used to identify the mean radial velocity. We believe this sample for NGC 1817 is complete or nearly complete based on a search out to about 2 • from the cluster center.
An examination of the high-precision Gaia colormagnitude diagram ( Figure 1) gives an impression that a fainter subpopulation of the secondary red clump might be distinguishable, with a division at G ≈ 12.3. Because of the potential importance of core He burning stars near the transition to degenerate ignition, we have labeled the fainter stars in Table 1 as faint secondary clump stars (fRC2). In Figure 2 , we show the photometric SEDs of all of the stars labeled RC2 or fRC2 to emphasize that the two groups are more clearly sepa-rated in magnitude within infrared bands (especially for λ > 1µm), because the photometry is less sensitive to temperature differences there. Other properties of this group of stars will be discussed more below.
Asteroseismic studies have identified quantities that can be measured in the oscillation frequencies of giant stars that connect to fundamental properties of the stars. Most commonly, the frequency separation of overtone modes ∆ν and the frequency of maximum power ν max reflect the average density (Kjeldsen & Bedding 1995) and surface gravity (Brown et al. 1991 ) of the stars, respectively, and when algebraically combined, these return the mass and radius, with some dependence on the effective temperature (Kallinger et al. 2010) . Comparisons with the results of binary star mass analyses has indicated there is a systematic overestimate of red giant masses calculated from asteroseismic relations without corrections (e.g. Brogaard et al. 2016 Brogaard et al. , 2018 Gaulme et al. 2016 ), although corrections have been calculated to reduce the disagreements (e.g. Sharma et al. 2016) .
A major benefit of cluster giant samples is that the ensemble of stars has nearly identical age and chemical composition, and as a result the stars should have similar masses. For RC2 stars though, there is generally a larger variation in stellar mass than there is for the first ascent giants seen in older clusters.
We derived asteroseismic observables from the power spectra (Fourier transforms of the K2 light curves) using two different pipelines. The first followed the K2 processing procedure described in Stello et al. (2015) , based on the method described in Huber et al. (2009) . This involved the use of a high-pass filter on the light curves to reduce noise levels by decreasing spectral leakage of low-frequency power into higher frequencies in the power spectrum, along with filling of small data gaps (of no more than three sequential points) in order to remove frequency peaks related to satellite repositioning. Our targets in NGC 1817 are all of moderate luminosity compared to giants in older star clusters, and because the peak power occurs at relatively high frequency, so there are no issues with the high-pass filter's cutoff frequency. The ν max frequencies we report are the central values of a Gaussian envelope fit to the power spectrum of the solar-like oscillations. The large frequency spacings ∆ν are derived from autocorrelation of the power spectrum, followed by a Gaussian function fit to the one of the five highest peaks that is closest to the value expected from correlations between ν max and ∆ν. Three examples of power spectra and the identified asteroseismic parameters are shown in Figure 3 . The second pipeline used the KASOC filter (Handberg & Lund 2014) to prepare the light curves for asteroseismic analysis, followed by a two-component fit to the power spectrum (with the asteroseismic contribution again fitted with a Gaussian envelope; Handberg et al. 2017 ). This second pipeline was mainly used for validation purposes, and when there was substantial disagreement between the pipelines, we rejected stars from our final sample as unreliably measured. Because of the shorter period of observation in the K2 campaign, the frequency resolution is somewhat degraded relative to the main Kepler field. In addition, the NGC 1817 stars are somewhat fainter than the analogous stars in NGC 6811 in the Kepler field. As a result, only 29 of the stars had measurable ν max values, and ∆ν could be reliably measured for 20 of the stars. This is still larger than the entire sample for NGC 6811, however. On the other hand, Arentoft et al. (2017) was able to measure the period spacing ∆P for mixed modes for four of the NGC 6811 stars, which was not possible in the short observations of NGC 1817. There is only one other cluster of similar age where asteroseismology has been done, and that is NGC 6633, where three stars were observed using the CoRoT spacecraft cluster by Poretti et al. (2015) . Figure 1 . Gaia color-magnitude diagram of NGC 1817, with giants (red), giants with asteroseismic measurements (black) and suppressed dipole modes (black circles), giants with single-lined spectroscopic binary orbits (green), pulsating stars (cyan), and eclipsing binaries (magenta) shown. EPIC IDs are given for selected eclipsing binaries. Inset: Zoom on the red clump, with a dotted line indicating the apparent gap between faint and bright clump stars. A comparison of the asteroseismic ν max and ∆ν for the stars in the three clusters is shown in Figure 4 . While the parameter correlations are consistent for the clusters, different subgroups can be identified along the line.
• Four asteroseismically-measured stars in NGC 1817 appear to be in evolutionary states other than the secondary clump based on their low values. Although EPIC 246883940 falls close to the bright end of the red clump, its asteroseismic parameters indicate that it has probably started to evolve toward the asymptotic giant branch (AGB). EPIC 246884141 has asteroseismic measures that are in the same range as most RC2 stars, but when ν max and ∆ν are considered together the star falls on the correlation line for first-ascent red giants (e.g. Stello et al. 2009 ). The star is found toward the blue side of the red clump, and in addition it is in a spectroscopic binary and is observed to have suppressed dipole modes (see §3.2.2), so this star deserves more attention. The asteroseismic data for EPIC 246893162 doesn't allow a clear determination of its evolutionary state, but its red color may indicate that it is a first-ascent red giant branch star (RGB) rather than an AGB star. Both EPIC 246884141 and 246893162 have unusually low asteroseismic masses that we are unable to explain at this time. EPIC 246901772 has the smallest ν max observed in NGC 1817 (and NGC 6811 as well). Of the three measured stars in NGC 6633, two are also probably evolved: HD 170174 is in the last stages of its core helium burning, and HD 170053 appears to be an AGB star with very low asteroseismic parameters (putting it off the edge of Figure 4 ).
• The majority of the stars in NGC 1817 fall in an intermediate range (ν max between 50 and 85 µHz, and ∆ν between 4.5 and 7 µHz) that corresponds to common secondary clump stars. One of the measured NGC 6633 stars (HD 170231) is in this category of RC2 stars, as are the two brightest stars in NGC 6811. In NGC 6811, asteroseismic analysis of asymptotic period spacings of mixed modes in four of the clump stars with the lowest ∆ν values supports the idea that the brightest stars are RC2 stars or are evolving toward the asymptotic giant branch with some core helium remaining (Arentoft et al. 2017 ).
• The last group is probably the most interesting, however. Six of eight stars measured in NGC 6811 are consistent with the four measured examples of the faint population of clump stars in NGC 1817 (which we labelled "fRC2"). The clearest asteroseismic faint clump stars are EPIC 246894024, 246897919, 246903276, and 246907326, although EPIC 246887834 has a ν max value that puts it among the fRC2 stars also. EPIC 246939662 is an additional borderline case. There is the appearance of a distinction between the bright and the faint RC2 stars in the two clusters, but there is not a clear division in the field star sample tabulated by Yu et al. (2018) , as shown in Figure 4 .
In clusters, there is an observed lower limit to the luminosity of red clump stars, and the stars near this limit should define an upper limit for the asteroseismic parameters of clump stars as a consequence of higher average density. According to our observations and those of Arentoft et al. (2017) , this appears to be about 108µHz for ν max and 8.5µHz for ∆ν. For a large sample of red clump stars identified with the help of period spacings among mixed modes in Kepler samples, the maximum observed value of ∆ν was 8.73µHz in Mosser et al. (2014) , and 8.65µHz in Stello et al. (2013) . From the larger Yu et al. (2018) catalog of measurements from Kepler data, we find maximum values of around 114 − 117 µHz in ν max and around 8.9µHz in ∆ν after discounting a small number of probable misidentified RGB stars (see Figure 4 ).
We can attempt to connect the available asteroseismic measurements with the stellar properties in Gaia color-absolute magnitude diagrams: both asteroseismic parameters are inversely proportional to powers of the stellar radius, and radius is connected to CMD position. In Figure 5 , we plot the Gaia CMDs of eight open clusters with ages similar to NGC 1817 and well-determined mean parallaxes. Important characteristics of the clusters are given in Table 2 . Cluster members were selected using simple cuts on proper motion and parallax, and the CMD was calculated using mean parallax values from Cantat-Gaudin et al. (2018) and reddening values from the literature. The main sequences align quite well, and the ordering of the main sequence turnoffs gives an indication of the relative ages (see Figure 6 ): NGC 6633 and Praesepe appear slightly younger than, and IC 4756 and NGC 2360 slightly older than the intermediate group composed of NGC 1817, NGC 6811, and NGC 5822. NGC 752 is significantly older than the rest of the clusters. Most or all of these clusters show significant color dispersion at the turnoff, which complicates the relative age determination somewhat. Figure 6 shows the approximate matches between MIST isochrones and the turnoffs of the eight clusters we are examining here. Although we have plotted MIST models for comparison, BaSTI-IAC models are very similar near the cluster turnoff. The purpose here is simply to obtain a rough idea of the age from the turnoff in order to see if age indications from the red clump are consistent. In a few cases, we have plotted isochrones of other ages because they fit parts of the red clump better.
Model Comparisons
Looking at the clump stars, five of the eight clusters shown (NGC 1817, NGC 6811, NGC 5822, NGC 2360, and NGC 752) appear to have stars that fall in the faint secondary clump group (see Figures 7 -9 ). All of the faint clump stars that also have asteroseismic measurements to date could have been identified using ν max or ∆ν as well. Models (Girardi 1999) indicate that these stars are likely to be made with He core masses near the minimum allowable -less massive stars produce degenerate He cores that require substantially larger core masses to ignite in He flash events, while more massive stars simply generate larger convective cores on the main sequence due to more powerful energy release. There is a similar change in He core burning lifetime, with a maximum being reached when the He core mass hits its minimum. This effect can allow minimum He core stars to be observed in clusters at the faint end of the clump for a significant range of ages. Figure 10 illustrates the effects on the radius and lifetime of core helium burning stars near the minimum core mass. To interpret the characteristics of the clump populations of these clusters and what they might say about the stellar interior physics, we will break the clusters into subgroups in the next subsection.
The youngest clusters in our sample (NGC 6633 and Praesepe, but the Hyades could also be included), have ages in the range of 600−700 Myr based on their main sequence turnoffs. For those ages, the clump stars should all have ignited core helium burning in nondegenerate gas. Models predict that the minimum luminosity (and radius) for core He burning stars should be decreasing as the masses of the stars reaching the clump are decreasing (see models on the left side of Figure 10 , or the synthetic CMDs in Figure 3 of Girardi et al. 2000) . So, these clusters are probably too young to produce any of the faintest secondary clump stars. However, these clusters only have eleven clump stars in total between them, so it is hard to say that this is conclusive observational proof. Of the stars in the three clusters, only three giant stars in NGC 6633 have been studied asteroseismically, and their masses place them comfortably in the realm of nondegenerate core He ignition. The faintest 4 clump stars in the cluster have not been analyzed however. Four of Praesepe's giants have been observed with K2, and we predict that their asteroseismic parameters will all fall comfortably within the secondary clump. The next older group of clusters (NGC 1817, NGC 6811, and NGC 5822) have ages near 900 Myr using a turnoff-based age. Each of these clusters have a substantial group of faint RC2 stars, but there is a lot of variation in the percentage of clump stars the fRC2 stars compose: from about 75% in NGC 6811 down to 57% for NGC 5822 to about 25% for NGC 1817. The simple expectation from models is that there should be a range of ages in which clump stars with core masses near the minimum allowable are produced and persist. These clusters are most likely ones in which secondary clump stars are being produced in significant numbers but older clump stars (with more massive non-degenerate cores) haven't died off yet. We will return to discuss the distribution of the clump stars in the CMD below.
The oldest clusters (closer to 1.5 Gyr, like NGC 752 and NGC 7789; Girardi et al. 2000) are probably the oldest systems that can produce faint secondary clump stars. The faint RC2 stars would be among the longest residents of the clump, but some lower mass stars would have recently gone through a helium flash. It has previously been shown that the distribution of stars in the CMD for clusters of this age depends on the details of the transition between nondegenerate and degenerate ignition of core He and the resulting rapid change in the mass of the He core. A transition that occurs in a small range of masses could allow significant numbers of stars of both kinds (RC1 and RC2) to coexist in a cluster with significant differenes in radius (and luminosity), as can be seen in the MIST models in Figure 10 for ages between about 1.1 and 1.3 Gyr. The BaSTI-IAC models don't show a clear separation in the properties of the stars in the same range of ages, and we believe this shows that the changes in He core mass do not occur rapidly enough in these models. Such a scenario may still require effects (such as stellar rotation) that introduce a spread in evolutionary outcomes for stars at a given mass (Girardi et al. 2000) . Further characterization of the faintest secondary clump stars may help address the issues of dispersion among the clump stars, but also may reveal details of the convection that occurs within them on the main sequence.
Returning to the CMD distribution of clump stars for the ∼ 900 Myr old clusters, there are some problems in constructing a cohesive explanation. NGC 5822 appears to be youngest according to the turnoff, and the clump star positions are in crude agreement with the vertical portion of the isochrone. The faint clump stars in NGC 6811 form a tight group that can perhaps be qualitatively explained as resulting almost exclusively from stars that had He core masses near the minimum possible.
The distribution of the clump stars in NGC 1817 is hard to reconcile with models, however. The large group of brighter clump stars are in reasonable agreement with a young 700 Myr isochrone in terms of their magnitude extent and colors, but an isochrone of that age doesn't fit the turnoff. The superposition of bright and faint clump stars with something resembling a gap between could imply a substantial drop in radius over a small mass range, in analogy to what models predict for older clusters like NGC 752. A clear gap is not seen in NGC 5822 though. The extension of the faint clump stars in color is also not predicted by models. Unresolved binaries may be a contributor (see Figure 8 ), but would require a large fraction of the faint clump stars to be affected. NGC 1817 also has the largest reddening of any of the clusters we have discussed, so a contribution to the color scatter by differential reddening is possible. The reddening vector approximately parallels the extension of the faint RC2 stars (again, see Figure 8 ), although Harris & Harris (1977) and Donati et al. (2014) did not find evidence of differential reddening in the cluster from their ground-based studies. As a practical matter, the observation that there are maximum values of the parameters ν max and ∆ν in a vetted sample of secondary clump stars can help to put limits on some of the physics, and specifically effects on the minimum mass of the He core in the red clump. Figure 11 shows He core mass and maximum values of the asteroseismic parameters during helium core fusion as a function of total mass for MIST models (Choi et al. 2016) . The maximum asteroseismic measurements clearly correlate strongly with helium core mass. Overall, we find that there is fairly good agreement between the observed maximum values of ν max and ∆ν and the MIST model predictions. The clump stars that have been measured using Kepler and CoRoT data in the field (Stello et al. 2013; Mosser et al. 2014; Yu et al. 2018 ) and in intermediate-age clusters comprise a large sample, and we can be reasonably assured that these stars sufficiently sample the faint secondary clump and its asteroseismic values.
The characterization of clump stars that have He cores near the minimum allowed mass can lead to a better understanding of the physics involved in the important transition between non-degenerate He igni-tion and degenerate He flash. Models show that the amount of convective core overshoot during the main sequence strongly affects the stellar mass that produces a minimum-mass helium core, with stronger overshoot making the mass smaller (e.g. Girardi et al. 2000) . However, the overshoot does not strongly affect what the mass of that helium core is (e.g. Sweigart et al. 1990 ; Figure 12 of Arentoft et al. (2017) ). If the masses of these faint clump stars can be determined precisely, the observations will put strong constraints on the main sequence stars that later produce minimum-mass helium cores. For the Kepler field-star sample, Yu et al. (2018) used the asteroseismic scaling relations with red clump star corrections to ∆ν (Sharma et al. 2016 ) to calculate stellar masses and radii. These are shown in Figure 12 , and the radii show several expected features like the sharp primary/secondary clump (RC1/RC2) transition near 2.05M and the minimum radius among the RC2 stars around 8R . Typical uncertainties of around 0.16M are present in the individual field star measurements.
Following the same procedure for the cluster stars, we find that the faintest NGC 6811 clump stars have masses between 2.11 and 2.33M , and the faintest NGC 1817 clump stars fall in the range 1.87 to 1.97M . Temperatures were computed from (b − y) colors for NGC 1817 stars, and were taken from Arentoft et al. 2017 for NGC 6811. The NGC 6811 stars generally have smaller measurement uncertainties, and have masses that agree well with the low mass edge of the field star distribution. As a check that the temperatures do not change our main conclusions, we plot combinations of the asteroseismic parameters that are proportional to mass and radius separately (see Figure 13 ) but do not correct for the minor dependences on the temperature:
The mass-like combinations for the NGC 1817 giants are consistent with those of NGC 6811 with a couple of exceptions, and the faint RC2 stars in the two clusters have fairly consistent radius-like combinations as well.
To summarize, both the asteroseismic and photometric evidence suggests that we can identify substantial populations of stars in ∼ 1 Gyr-old open clusters that have He core masses at or near the minimum possible, luminosities near a minimum, and average densities near a maximum. Regardless of whether these faint red clump stars form a distinct class or not, models indicate that they are produced in a limited range of masses, and further study will help us learn about their internal physics. Figure 11 . Dependence of helium core mass and maximum asteroseismic parameters for helium core burning stars of differing total mass for MIST evolutionary tracks (Choi et al. 2016) . They are at a kind of phase transition in stars, resulting from the change between non-degenerate and degenerate He fusion ignition. MIST models approximately match the mass of the transition between primary and secondary red clumps and the rapidity of the transition as a function of stellar mass, but higher precision mass measurements would put stronger restrictions on the details of convective core overshooting. The models also predict a sharper rise of radius versus mass among the RC2 stars than is seen in the field stars. There are currently large statistical uncertainties and the possibility of significant systematic uncertainties in the asteroseismic masses though, and the systematic uncertainties in particular directly affect inferences about model physics like convective overshooting. (Overestimation of asteroseismic masses would lead to a need for greater overshooting in models.) However, further study of the lowest mass RC2 stars can realistically lead to improved understanding of their cores.
Suppressed Oscillation Modes
Recently Arentoft et al. (2017) found that the red clump stars of NGC 6811 could be split into two groups based on whether the stars had strong dipole l = 1 modes. The stars without strong dipole modes are said to have "suppressed modes", and in the case of the NGC 6811 sample, the stars with suppressed modes were all found to be the faintest (and possibly least evolved) of the clump stars. Cantiello et al. (2016) discussed the possibility that strong magnetic fields in the cores of stars (including red clump stars) can affect the propagation of mixed modes and prevent wave energy from escaping the core. Dipole modes are especially susceptible to magnetic fields due to strong coupling between the core (g mode oscillation) and envelope (p mode oscillation). Their models assumed that the magnetic fields were generated by a dynamo in the convective core of the star during the main sequence, and the timescale for diffusion of the field out of the core is far too long for significant reduction. The field is thus expected to persist through the first-ascent giant phase, but they admitted it was not clear what would happen when convection started again during core helium burning.
Although we are unable to completely survey the stars in NGC 1817, we were able to identify five stars with suppressed modes. We did this by folding the power spectrum using the large frequency separation ∆ν, and looking for peaks consistently spaced relative to the l = 0 radial modes. The power spectrum of one of the suppressed-power stars (EPIC 246903276) is depicted in Figure 3 . The stars in NGC 1817 argue that suppressed modes are not restricted to any one evolutionary state. One suppressed star is found among the four faint red clump stars with asteroseismic measurements, three are found among the ten bright RC2 stars with asteroseismic measurements, and one is found among the two stars brighter than the clump that have asteroseismology. These numbers are consistent with the results of Stello et al. (2016a) , who found that the occurrence rate of suppressed modes among first-ascent giants of similar mass (1.6 − 2.0M ) was at least 50%. This appears to indicate that the mode suppression continues unabated through helium burning in the core and the convection that occurs there, or it appears the same fraction of the time in stars in all of these evolutionary phases.
Other Giant Variability
Several of the giants are known to be single-lined spectroscopic binaries from radial velocities, and four had orbits determined by Mermilliod et al. (2003) and Mermilliod et al. (2007) with additional measurements in Mermilliod et al. (2008) . Two of these had periods short enough that the K2 observations cover an entire orbit (see Table 3 ). Although none of the binary systems showed eclipses, two show signs of variations that phase with or nearly phase with the orbit.
For EPIC 246888894, the velocity variations of the giant (K = 21.00 ± 0.22 km s −1 ) are fairly substantial, but we see no signs of an eclipse. We do, however, find photometric variations that phase approximately with the radial velocity orbit (P = 68.0293 d; see Figure 14 ), with minimum light occurring when the brighter giant star was closest to us. Qualitatively, this is consistent with the reflection effect, where the light of the companion star significantly illuminates the side of the giant that is facing it. This binary is one of the brightest cluster members, and it shows clear sign of the companion in its spectral energy distribution, particularly in the ultraviolet in both GALEX NUV and FUV bands (see Figure 15 ). However, the light curve does not repeat particularly well during the phases of overlap, and this might indicate that the variation is at least partly due to spots. Further analysis of the light curve will be postponed until additional photometric monitoring is done or the K2 light curve can be detrended more reliably. But the indications are that the companion might be detectable in spectra, and that additional information on the system might be obtained from the photometric variations.
EPIC 246892343 was identified as a spectroscopic binary by Mermilliod et al. (2003) , but the orbital parameters were finally measured by Mermilliod et al. a M03: Mermilliod et al. (2003) . M07: Mermilliod et al. (2007) .
(2007). In this case, we used the K2 Pre-Search Data Conditioning pipeline light curve, with a 20 point median filter used to smooth some of the instrumental artifacts. The K2 light curve shows photometric variations, and these have been phased to the spectroscopic orbit (P = 43.2485 d) in Figure 16 . Where the parts of the light curve overlap in orbital phase, there is only mediocre agreement, and a photometric period near 53 days would produce better agreement. It is not clear, however, how much the detrending of the light curve affects this conclusion. Based on the spectroscopic period, the two observed brightness maxima are separated by roughly 0.5 in phase, and the light curve has its strongest minimum at phase φ ≈ 0.65. Future space-based photometric observations might help clarify what part of the light curve comes from binary star effects like reflection and ellipsoidal variations (e.g. Faigler & Mazeh 2011) , and what part comes from spots that are out of synchronism with the orbit. We were able to detect solarlike oscillations for this binary as well, although only ν max was measurable. Shorter period giant star binaries appear to have suppressed oscillations (Gaulme et al. 2016, e.g.,) , so it is interesting that this clump star binary does show oscillations. The clump star would have already gone through its red giant phase with a maximum radius near 25R , which is still less than half the likely orbital separation with the companion object (∼ 66R ). It is possible the clump star has not lost significant mass, so further seismic observation could still settle the star's mass and radius. The period of a third giant star binary (EPIC 246885313) is more than twice the duration of the K2 observations, so we could only get a partial sampling of potential variations with timescales similar to the orbit period. The long-term instrumental variations in K2 are consistent with those of other nearby stars and large Mermilliod et al. 2003) for the red clump star binary EPIC 246892343, phased to the spectroscopic circular orbit fit (solid line) of Mermilliod et al. (2007) . enough that we do not feel that there is a reliable detection of variations that phase to the orbit.
Eclipsing Binary Stars
Three eclipsing binary star members were discovered by Arentoft et al. (2005) , and the K2 dataset has allowed us to determine the ephemerides for all three stars (labeled V4, V16, and V18) and produce complete light curves. In addition, we have discovered 7 new detached eclipsing binaries (types EA and EB 1 ) including two with periods longer than the K2 observing campaign, and three additional contact or near-contact binaries (type EW). The data for these stars are given in Table 4, and the light curves are shown in Figures 17, 18 , and 19. V1178 Tau (also known as V4; see Figure 17 ) is a detached double-lined spectroscopic binary that contains at least one pulsating star, and its analysis will be the subject of a separate paper (Hedlund et al., in prep) . For the moment, we report that the orbital period is quite short (2.208595 d) , and despite the strong tidal effects and orbital circularization that should result from that, the secondary eclipse does not fall at an orbital phase of 0.5. Further discussion of the origins of the binary is delayed to the future paper, but we briefly discuss its pulsations in section 3.4.
One of the new long-period detections (EPIC 246849982; see Figure 19 ) has an eclipse of long duration (about 1.2 d) centered on BJD 2457894.17. The large drop in flux (about 25%) and hint of a period of totality is encouragement for follow-up observations. However, all indications are that it is not a cluster member: the system photometry puts it significantly bluer than the cluster turnoff (see Figure 1) , and Gaia proper motions and parallax are well outside the ranges inhabited by cluster stars.
Two objects showed shallow eclipses of exoplanet-like depths. EPIC 246865365 (see Figure 17 ) is a short period system (3.3858 d) with eclipses of 0.5% depth. Rampalli et al. (2019) recently discussed this system and identified it as harboring a Saturn-size exoplanet. Gaia measurements of this object have large uncertainties in Data Release 2, but according to the proper motion membership studies Krone-Martins et al. 2010 ) the star was identified as a cluster member. The photometry of the system is also consistent with being within the binary star sequence in the cluster CMD. Rampalli et al., however, find that the proper motion and radial velocity of EPIC 246865365 deviates substantially from the cluster mean, and the star does not show variations consistent with having a stellar companion. Their conclusion is that it is a foreground object. A couple of small transit-like events were seen in the light curve of EPIC 246896312, but these were traced to a fainter eclipsing binary (EPIC 246896535) in the aperture. This appears to be a field star based on Gaia parallax and CMD position.
EPIC 246887733 (see Figure 18 ) is a bright system above the cluster turnoff that has a relatively long period (∼ 8 d) for the continual light curve variations that it shows. The object is likely to contain a subgiant star in weak thermal contact with its companion based on the difference in eclipse depths. The system has also been detected in the FUV and NUV bands by GALEX (Bianchi et al. 2017) . Further observations would be necessary to determine the degree to which the low amplitude of the light curve comes from a weakly ellipsoidal star or a nearly face-on orbit.
Pulsating Stars in the Instability Strip
Prior to Campaign 13, Frandsen & Arentoft (1998) , Arentoft et al. (2005) and Andersen et al. (2009) identified 23 main sequence pulsating variables in the field of NGC 1817. The age of NGC 1817 is such that the cluster turnoff falls completely in the instability strip, similar to NGC 6811 in the main Kepler field (Sandquist et al. 2016) . As a result, pulsating variables are among the brightest stars in the cluster, and their oscillation spectra may reveal information about the internal changes that result from their evolution away from the main sequence.
The fields surveyed by previous ground-based studies were considerably smaller than the field observed by K2, and the precision of the K2 photometry is considerably better, so we expected a large group of new detections. The identification of frequencies was challenging in the ground-based datasets due to the complicated structure of the window function for the observations. In addition, the ground-based studies put their light curves through a high-pass filter that may have selected against some modes of oscillation like g modes that are observed in many main-sequence pulsating stars. For the purposes of this paper, we will focus on pulsating stars that are members of the NGC 1817 cluster. In part this is because the original target lists were selected using groundbased proper motion information that has since been superseded by Gaia data. After Gaia DR2, we identified all targets observed in K2 Campaign 13 that had high memberhip probability based on proper motions and parallaxes. So it is quite possible that there are additional pulsating variables in the field, but the list of pulsating cluster members that we have compiled is not likely to be complete due to the selection process.
Strongly outlying datapoints in the time series photometry were removed before any analysis was conducted. We used Period04 software (Lenz & Breger 2005) to compute the pulsation spectra of observed cluster members with G < 15 for frequencies less than the Nyquist frequency (f ≈ 24.5 day −1 or 283 µHz) in the long cadence data. In some cases (especially among the fainter δ Sct stars), there are probably oscillation modes above the Nyquist frequency due to the higher stellar densities. We pre-whitened the spectrum by successively fitting and subtracting sine waves having the frequency with the highest power remaining in the spectrum. Table 5 contains the frequency and amplitude of the two strongest frequencies in the spectrum of each star. We generally identified stars as δ Sct or γ Dor stars based on whether the strongest frequencies were found above or below 5 day −1 , which is generally identified as a high frequency limit for g modes. Some stars showed frequencies of similar amplitude on both sides of this boundary, and we classified these as hybrid stars. In total, we identify 32 δ Sct pulsators (20 of them new), 27 γ Dor candidates (all but 2 new), and 7 hybrids (4 new). 
Membership Notes (day −1 ) (mmag) (day −1 ) (mmag) µω Figure 20 . Amplitude spectra for main sequence pulsating stars with a single high amplitude mode in NGC 1817. Figure 1 shows the CMD positions of the detected pulsating stars. It is clear that many of the brighter stars have evolved away from the main sequence, and are likely to have lower average densities than the fainter objects on the main sequence. We expect this to affect the fundamental mode of oscillation, and generally speaking, the average frequency of oscillations that are excited. However, even among stars with a single dominant mode peak (see Figure 20 ) there is not a clearly visible relationship between the frequency and the luminosity of the star (which should relate to its average density). This is just one example of the difficulty of identifying the mode of oscillation in main sequence pulsating stars, and we will discuss this more below. Arentoft et al. (2005) looked at the strongest modes of oscillation as a function of magnitude for the ensemble of δ Sct stars they detected in NGC 1817. They did this in the hope that the relative magnitudes of the stars could be related to differences in their average densities, which should affect the frequency of a particular mode in a predictable way, allowing modes to be iden-tified. In practice, mode frequencies can be shifted by complicating factors like rotation and binarity, and in the case of NGC 1817, the evolutionary state of different stars. In an examination of a cluster of similar age (NGC 6811), Sandquist et al. (2016) found evidence of a period-luminosity relation among the largest amplitude modes observed in the δ Sct stars. Ziaali et al. (2019) recently found similar evidence among δ Sct stars observed with Kepler and with luminosities derived from Gaia DR2 parallaxes. The radial fundamental mode of oscillation is likely to be among the few modes at the low frequency end of the spectrum, and this feature may help set up a P-L relation for these stars. Figure 21 shows the zoomed color-magnitude diagram of the pulsators, and a diagram of G magnitude versus frequency for the strongest modes. When we shift the period-luminosity relation (McNamara et al. 2007 ) for the fundamental mode oscillations of high-amplitude δ Sct stars with Hipparcos parallaxes (solid curve in the right panel) using a distance modulus based on the Gaia mean parallax and an extinction A G based on the reddening E(B − V ) = 0.28, we find excellent agreement with the low frequency envelope of the strongest observed modes. This envelope is set by a handful of stars: EPIC 246887076 (a star having a single dominant frequency), EPIC 246901593/V7, and possibly EPIC 246861917 and EPIC 246889963/V21. Arentoft et al. (2005) identified three stars in their ground-based data that had strongly excited modes near the fundamental, but only one of these (V7) is in our list above. We find that the other two (V1 and V9) have frequencies close to the low-frequency envelope, but significantly above. V9 is discussed in subsection 3.4.3. Figure 22 shows the spectra of the most likely fundamental mode pulsators.
Ensemble Identification of Pulsation Modes
Theoretical models indicate that period ratios for radial pulsation modes are stable Stellingwerf (1979) , so if we have reliably identified the frequency of the fundamental mode as a function of magnitude, we should be able to predict the frequencies of overtones. The dotted and dashed curves in Figure 21 show predicted values for first through third overtones using theoretical period ratios. Once again, rotation, binarity, and evolutionary ef- fects shift frequencies and will complicate identification for most stars, but we looked for ones with the strongest cases. The variable V7 may be the most interesting of the stars because its fourth strongest frequency agrees well with the predicted frequency of the first overtone if its second strongest frequency is indeed the fundamental mode. In addition, the strongest mode falls near the predicted second overtone, and the third strongest mode falls near the third overtone.
There are a few stars that have patterns in their frequency spectra that may identify a radial overtone mode. EPIC 246888903 (see Figure 22) shows 5 strong frequencies that appear to be a good match for the first, second, and third radial overtones, along with two other modes that sit approximately halfway between the overtones. EPIC 246884792 shows a strong mode that matches the approximate frequency predicted for the first radial overtone.
Other stars may be fundamental mode pulsators, but binary companions could affect their magnitudes and shift them vertically away from the low-frequency envelope. An example of this is the bright pulsating star EPIC 246899376 (V4 / V1178 Tau), which contains two stars of nearly equal brightness, and is discussed below.
The Eclipsing System V1178 Tau
V1178 Tau (EPIC 246899376) was first identified as an eclipsing binary star in Arentoft et al. (2005) . They gave the star the identifier V4, and they detected 4 δ Sct pulsation frequencies. Molenda-Żakowicz et al. (2009) found that the binary is double-lined.
We derived a clean pulsation spectrum by subtracting an optimized model eclipsing light curve using the program ELC (Orosz & Hauschildt 2000) . For our purposes in this paper, we are only interested in the pulsation spectrum, and so we will not discuss the parameters used in the fit. The spectrum derived from Period04 is shown in Figure 23 . There are five frequencies with amplitudes of more than 1 mmag in the K2 data set. Three of the detected frequencies roughly correspond to the detections by Arentoft et al., but our second highest amplitude detection is in the low frequency g mode range at 1.488 day −1 . This mode is the main reason we label the system a possible hybrid. In addition, we do not see any sign of a mode at 8.32 day −1 as reported by Arentoft et al.. High-resolution spectra show lines of both stars, and for spectra of stars with similar temperatures, broadening function (Rucinski 2002) areas can be used as proxies for luminosity. Therefore we conducted a preliminary analysis of HARPS spectra to derive broadening functions for the two stars. After fitting the broadening functions with Gaussians, we derived an area ratio of 0.85. If this represents the luminosity ratio properly, the pulsating star should be between 0.67 and 0.84 mag below the magnitude of the binary. If this is taken into consideration, the fifth strongest detected mode with frequency 6.368 day −1 falls near the radial fundamental mode line in Figure 21 . This possibility makes the system worth additional study. In a binary with a relatively short orbital period of around 2.2 days, the orbit should have circularized and the stellar rotation should have synchronized with the orbit for an age near 1 Gyr. However, the orbit has significant eccentricity based on the eclipse spacings in phase (see section 3.3), which is a clue that the system might have been involved in dynamical interactions after the cluster's formation. Another conse-quence of this is that the rotation of the stars may still be slowing down or may be pseudo-synchronized with the orbital motion at periastron. Preliminary measurements of v sin i from the broadening functions indicate speeds near 70 km s −1 , which is much slower than typical main sequence A stars. The rotations of both stars are faster than they would be if synchronized (∼ 50 km s −1 ) with the orbital motion, but the primary star may be pseudosynchronized (using eapprox0.13 and R 1 ≈ 2.2R ; Hut 1981) . While there are large samples of eclipsing binaries with δ Sct pulsators now known Liakos & Niarchos (2017) ; Kahraman Aliçavus , et al. (2017); Gaulme & Guzik (2019) , short period binaries with eccentric orbits are rare. We find three detached systems that are identified as eccentric in the tabulation of Liakos & Niarchos, but in all cases the eccentricity is marginal. Because V1178 Tau is a member of the NGC 1817 cluster, the age may provide some interesting constraints on the dynamics of the system for future studies.
A Mode Triplet?
EPIC 246897103 (V9) was identified by Arentoft et al. (2005) as a δ Sct star from the ground-based observations, and they identified three pulsation frequencies. In the amplitude spectrum of the K2 light curve, we find four strong modes, but only one is a match to the three in Arentoft et al., probably due to the complex window function for the ground-based observations. The star is of interest because the three strongest frequencies (8.869, 10.077, and 7.710 day −1 ) resemble a mode triplet that may be related to strong rotation (see Figure 23 ). The star is the reddest pulsating star at the extended cluster turnoff, consistent with the idea that strong stellar rotation may be responsible for the color spread in intermediate-age clusters like NGC 1817 and NGC 5822 (Sun et al. 2019) . Molenda-Żakowicz et al. (2009) made a low-resolution spectroscopic measurement of the rotational velocity, and found v sin i = 220 km s −1 . We can estimate the rotational frequency as ν rot = v rot /2πR ≈ 2 day −1 , assuming a stellar radius of about 2.2R similar to the primary star of V1178 Tau. Because the rotational frequency spacing is likely a multiple of Ω rot = 2πν rot and more than a factor of 10 larger than the frequency spacing of the modes above, rotation may not be a good explanation unless there is a serious error in one of the measurements. Effects due to a highly inclined spin axis are not plausible here due to the large measured rotational velocity. Alternately, we note that the second and third strongest frequencies fall near the predicted frequencies of the second and first radial overtones, respectively (see Figure 21 .) Weak variability is detectable in the bright star EPIC 246919843. Because it sits in a very sparsely populated part of the cluster's CMD between the main sequence turnoff and the red clump, the star's membership should be validated. However, all of the information available (including its Gaia parallax and radial velocity) indicates that it is a high probability cluster member. The CMD position of the object gives it a chance of being either a binary composed of a faint giant star and a bright main sequence star, or a single subgiant star. If the object is a binary, both stars could potentially be variable (an asteroseismic giant and a pulsating main sequence star, for example), so we looked at the spectral energy distribution (SED) first (see §2.2).
A Subgiant Candidate
For comparison, we used theoretical models from AT-LAS9 (Castelli & Kurucz 2004) with adjustment of the model to account for an interstellar reddening of E(B − V ) = 0.23 using the Cardelli et al. (1989) extinction curve. Model photometry was calculated using the IRAF routine sbands. The SED is well fit with a temperature of about 6250 K (see Fig. 24 ), appropriate for a star between the main sequence and red clump. For comparison, a sample of NGC 1817 δ Sct stars were found by Molenda-Żakowicz et al. (2009) to have effective temperatures between about 6900 and 8100 K.
The relatively large amplitude and high frequency of the variations argue against the possibility of a binary containing a red clump star -the detected frequencies are centered at around 16 day −1 or 184 µHz, larger than any of the giants detected in NGC 1817 or the similar cluster NGC 6811 (see Figure 23 ). Similarly, while the oscillation frequencies lie in the range populated by δ Sct pulsation modes, they appear at too high a frequency for the relatively low density of a subgiant star's envelope unless they are higher overtones. Our conclusion is that this is a genuine subgiant star in the cluster within the Hertzprung gap. Although stars like this are rare, it is most probable to find one in a heavily populated cluster like NGC 1817.
Unusual γ Dor-Like Stars
The instability strip for γ Dor stars is observed to overlap with the cool edge of the δ Sct instability strip for field stars (e.g. Balona 2018) , and the majority of the NGC 1817 γ Dor stars we identified show this as well (see the left panel of Figure 21 ). However, we also discovered a handful of much brighter (and sometimes hotter) stars with γ Dor-like pulsation. The pulsation spectra of these stars are shown in Figure 25 .
EPIC 246896275 is the bluest variable star identified in this study, and as with all of the stars in this section, Gaia parallax and proper motion information is completely consistent with cluster membership. This makes EPIC 246896275 a likely blue straggler. The low frequency spectrum appears to have a roughly Gaussianshaped envelope, similar to rotational candidates in Balona (2013) . However, such features have not been explained yet.
EPIC 246892892 is brighter than the cluster turnoff, and if it is a single star, it would have to have started its evolution off of the main sequence. We find at least seven low amplitude frequencies between 1.30 and 4.72 day −1 , with four between 2.12 and 2.81 day −1 . The indications are that these are real pulsation modes, which would also make this a possible hot γ Dor star (Balona et al. 2016) .
EPIC 246860219 is one of the brightest main sequence stars identified with pulsations, and its spectrum is dominated by a single frequency (0.795 day −1 ). We tentatively identify the star as a rotational variable candidate, similar to stars discussed in Balona (2013) . If true, the detected frequency should be related to the rotation period of the star.
EPIC 246883000 is found among the δ Sct pulsating stars at the cluster turnoff. Its spectrum is also dominated by a single frequency (1.297 day −1 ), but there are several other weaker low frequencies (1.211, 5.058, and 4.158 day −1 ) and one higher frequency (17.422 day −1 ) detected. Based on the pulsation modes and the CMD position, we classify the star as a hot γ Dor candidate.
CONCLUSIONS
We examined the K2 light curves for hundreds of stars in the massive open cluster NGC 1817. This dataset gives us the opportunity to examine large uniform samples of stars in different evolutionary phases within this approximately 1 Gyr old, slightly subsolar metallicity population.
Photometric and asteroseismic evidence shows that the cluster is producing a large fraction of its red clump stars with nearly the minimum helium core mass. NGC 1817 is on the young side of the range of ages that can produce these stars. More precise measurement of the masses of these stars could allow a calibration of the amount of convective core overshooting on the main sequence.
We find two giant stars in relatively short period binary systems that show photometric variations that may vary in phase with the orbits. We determine the periods of previously known eclipsing systems, and detect new systems. We identify one (V1178 Tau) that has an eccentric orbit despite a rather short period, which probably indicates dynamical interactions after the cluster's birth. Another system (EPIC 246887733) probably contains a subgiant star, and shows an EW light curve despite an orbital period of more than 8 days.
The turnoff of the cluster contains a rich population of pulsating variable stars of δ Sct and γ Dor classes. The large δ Sct population in particular gives some hope for using ensemble asteroseismology to help identify pulsation modes in their rich frequency spectra. The large sample includes unusual stars like a subgiant star pulsating in high-order modes (EPIC 246919843), and two hot γ Dor candidates (EPIC 246892892 and 246883000).
